Influence of intraluminal thrombus on structural and cellular composition of abdominal aortic aneurysm wall  by Kazi, Monsur et al.
Influence of intraluminal thrombus on structural
and cellular composition of abdominal aortic
aneurysm wall
Monsur Kazi, MD,a,b Johan Thyberg, MD, PhD,c Piotr Religa, MD, PhD,a Joy Roy, MD, PhD,a Per
Eriksson, PhD,b Ulf Hedin, MD, PhD,a and Jesper Swedenborg, MD, PhD,a Stockholm, Sweden
Introduction: It has been suggested that the intraluminal thrombus of abdominal aortic aneurysm (AAA) affects the
underlying vessel wall. Aneurysm enlargement has been associated with growth of thrombus, and rupture has been
proposed to occur after bleeding into the thrombus. To examine how thrombus affects the vessel wall, we compared the
morphology of aneurysm wall covered with thrombus with wall segments exposed to flowing blood.
Material and methods: Sixteen patients (14 men, 2 women; age range, 56-79 years) undergoing elective repair of AAA,
where computed tomography scans showed thrombus and segments of the aneurysm wall exposed to flowing blood, were
included in the study. Specimens from the aneurysm were taken for light and electron microscopy. Masson trichrome
staining was performed for wall thickness determination and demonstration of collagen, and Weigert–van Gieson
staining for elastin. The cellular composition was analyzed by immunohistochemistry with antibodies against CD3 for T
cells, CD4 for T helper cells, CD8 for T cytotoxic cells, CD20 for B cells, CD68 for macrophages, and smooth muscle
-actin for smooth muscle cells (SMCs). Caspase-3 staining and TUNEL analysis were performed to evaluate apoptosis.
Results: The aneurysm wall covered with thrombus was thinner and contained fewer elastin fibers, and the few that were
found were often fragmented. This part of the wall also contained fewer SMCs and more apoptotic nuclei than the wall
exposed to flowing blood. Clusters of inflammatory cells were detected in the media of the aneurysm wall and in higher
numbers in the parts covered with thrombus. Electron microscopy showed that the aneurysm wall without thrombus
contained a dense collagenous matrix with differentiated SMCs. In the segment covered with thrombus, SMCs were more
dedifferentiated (synthetic) and apoptotic or necrotic. There were also an increased number of inflammatory cells located
in close contact with SMCs in various stages of apoptosis.
Conclusion: The aneurysm wall covered with thrombus is thinner and shows more frequent signs of inflammation,
apoptosis of SMCs, and degraded extracellular matrix. These findings suggest that thrombus formation and accumula-
tion of inflammatory cells may perturb the structural integrity and stability of the vessel wall and thereby increase the risk
for aneurysm rupture. (J Vasc Surg 2003;38:1283-92.)
Rupture of abdominal aortic aneurysm (AAA) is a
common cause of death in men older than 60 years. It has
been reported as the tenth leading cause of death in older
men in the United States1 and constitutes approximately
1.8% of all deaths in men in England and Wales.2 The only
robust parameter that reflects the risk for rupture is AAA
size. Size, by definition, is related to growth, and many
pathogenetic mechanisms have been suggested to explain
growth of aneurysms. Most attention has been focused on
connective tissue degradation initiated by the matrix met-
alloproteinases (MMP).3 However, little is known about
the pathogenesis of rupture and what initiates it. AAAs are
filled to varying extents with laminated thrombus, which
may cover the entire wall or may be eccentrically located,
leaving part of the aneurysm wall exposed to flowing blood.
It has been suggested that rupture is associated with growth
of thrombus in the aneurysm,4 and case reports have sug-
gested that rupture is initiated by blood entering the
thrombus.5 Furthermore, aneurysm growth has been asso-
ciated with growth of thrombus.6 The wall of the aneurysm
is also thinner where it is covered with thrombus, possibly
as a result of anoxia.7
Relatively few studies have addressed the pathogenetic
influence of thrombus in AAA. Morphologic, biochemical,
and molecular biologic studies of AAA specimens do not
usually specify whether the specimen was obtained from a
wall segment covered with thrombus or from a segment
exposed to flowing blood. The purpose of the present study
was to make morphologic comparisons between these two
types of wall segments, to evaluate whether thrombus-
covered wall could be more prone to rupture or dilatation.
MATERIAL AND METHODS
Biochemical reagents. Phosphate-buffered saline so-
lution (PBS) was purchased from Life Technologies (Pais-
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ley, Scotland); hydrogen peroxide (H2O2), methanol, and
xylene from Merck (Darmstadt, Germany); mounting me-
dia (Mountex) from Histolab (Go¨teborg, Sweden); and
bovine serum albumin (BSA) from Sigma Diagnostics (St
Louis, Mo). Vectastain ABC kit; 3,3-diaminobenzidine
(DAB) peroxidase substrate kit; antigen unmasking solu-
tion; normal goat serum; biotinylated anti-mouse, anti-rat,
and anti-rabbit secondary antibodies; and normal rabbit
and mouse immunoglobulin were purchased from Vector
laboratories (Burlingame, Calif). The primary antibodies
used for immunostaining are presented in the Table.
Patient material and collection of samples. Sixteen
patients, 14 men and 2 women with a mean age of 70.3
years (SD 6.9 years) and mean AAA diameter of 61.1 mm
(SD 9.7 mm), undergoing elective surgery to repair infra-
renal AAA with preoperative computed tomography (CT)
scans demonstrating both eccentric intraluminal thrombus
and a thrombus-free aneurysm wall segment, were selected
for the study. Biopsy samples were retrieved from the
anterior or anterolateral aneurysm wall of visually throm-
bus-covered and thrombus-free vessel wall during surgery;
samples were not obtained from the posterior wall because
this would have added risk to the surgery. Two 2  4-cm
tissue sections were cut transversely from the thrombus-
free and thrombus-covered aneurysm wall, the adventitia
was dissected free of excess perivascular fat and debris, and
the sections were immediately fixed in 4% paraformalde-
hyde for light microscopy or 3% glutaraldehyde in 0.1
mol/L of sodium cacodylate–hydrochloride buffer (pH
7.3) containing 0.05 mol/L of sucrose for electron micros-
copy. All patients approved intraoperative retrieval of tissue
from the aneurysm wall, according to informed consent
procedures and approval by the local ethical committee.
Light microscopy. Tissue samples in fixative desig-
nated for light microscopy or immunohistochemical analy-
sis were transferred to PBS with 0.02% sodium azide after 4
hours and stored at 4°C until the final preparation. The
specimens were then dehydrated in graded ethanol (70%-
99.5%), cleared in xylene, and embedded in paraffin. Sec-
tions (5 m) were cut on a standard microtome, and
routine light microscopy examination was performed after
staining with Masson trichrome stain for evaluation of
general structure, vessel wall thickness, and collagen con-
tent or with Weigert–van Gieson stain for detection of
elastin.
Immunohistochemistry. Paraffin sections were
cleared in xylene, rehydrated in graded ethanol (100%-
70%), immersed in water for 5 to 10 minutes, and incu-
bated in 0.3% H2O2 in 70% methanol for 20 minutes to
inhibit endogenous peroxidase activity. The specimens
were then rinsed three times for 5 minutes in PBS, and
epitopes were unmasked by boiling in citrate buffer (pH
6.0) for 10 to 15 minutes, when necessary. After rinsing in
PBS, the sections were blocked for 30 to 60 minutes in 3%
BSA in PBS or in 5% goat or rabbit serum in PBS, and then
were incubated with primary antibodies (anti-smooth mus-
cle cell [SMC] -actin, anti-CD3, anti-CD4, anti-CD8,
anti-CD68, anti-CD20, and anti-caspase-3) in 0.1% BSA in
PBS overnight at 4°C in a humidified chamber. The sam-
ples were then rinsed in PBS and incubated with 7.5
g/mL of biotinylated secondary antibody in 0.1% BSA in
PBS for 1 hour at room temperature, followed by avidin-
biotin amplification (ABC Elite) for 30 minutes, and were
developed with DAB substrate. Sections were counter-
stained with Mayer hematoxylin for 2 to 5 minutes and
mounted. Negative controls were obtained by substituting
the primary antibody with PBS.
In situ TUNEL assay. In situ terminal deoxynucleo-
tidyl transferase–mediated deoxyuridine triphosphate nick-
end labeling (TUNEL) assays were performed with a kit
from Boehringer Mannheim (Mannheim, Germany) ac-
cording to the manufacturer’s instructions. Sections were
rehydrated, digested with proteinase K (20 g/mL) for 30
minutes, washed in PBS, and incubated with terminal de-
oxynucleotidyl transferase and biotin-labeled nucleotide
mixture for 30 minutes at 37°C. Detection was performed
with cyanine labeled streptavidin. Nuclei were counter-
stained with propidium iodide, and the sections were ana-
lyzed with fluorescence microscopy (ECLIPSE, E 800;
Nikon, Tokyo, Japan).
Electron microscopy. Samples from five patients were
taken for electron microscopy. The samples were fixed, cut
into smaller pieces, and stored in fixative at 4°C until the
final preparation. After rinsing in buffer, the specimens
were post-fixed for 2 hours at 4°C in 1.5% osmium tetrox-
ide in 0.1 mol/L of cacodylate buffer (pH 7.3) containing
0.7% potassium ferrocyanate, dehydrated in graded ethanol
(70%-100%), stained with 2% uranyl acetate in ethanol, and
embedded in Spurr low-viscosity epoxy resin. Cross sec-
tions of the aneurysm walls were cut with diamond knives
(Ultracut; Leica, Deerfield, Ill), picked up on 200 mesh
grids, stained with lead citrate, and examined with an
electron microscope (CM120; Philips, Eindhoven, The
Netherlands) at 80 kV.
Primary antibodies used for immunohistochemistry
Antigen Detection Source
Concen-
tration Manufacturer
SMC -actin Smooth
muscle
cell
mm 1:200 Sigma (St
Louis, Mo)
CD68 Macrophage mm 1:50 DAKO
(Glostrup,
Denmark)
CD3 T cell rm 1:20 Serotec
(Oxford, UK)
CD4 Helper T
cell
mm 1:20 NeoMarkers
(Fremont,
Calif)
CD8 Cytotoxic T
cell
mm 1:50 NeoMarkers
CD20 B cell mm 1:100 NeoMarkers
Caspase-3 Apoptosis rp 1:100 NeoMarkers
mm, mouse monoclonal antibody; rm, rat monoclonal antibody; rp, rabbit
polyclonal antibody.
JOURNAL OF VASCULAR SURGERY
December 20031284 Kazi et al
Data presentation. Statistical analysis of the biopsy
specimens was based on comparisons between samples of
thrombus-covered and thrombus-free aneurysm wall ob-
tained from the same patient. All 16 patients were not
included in each individual analysis. Aneurysm wall thick-
ness from the vessel lumen to the outer border of the media
and collagen-stained areas were quantified in digitized im-
ages of Masson trichrome–stained specimens with Easy
Image measurement (Tekno Optic AB, Huddinge, Swe-
den) and Adobe Photoshop (San Jose, Calif), respectively.
SMC -actin–positive stained cells and TUNEL positive
nuclei were counted manually by scoring all cells in each
visual field. Three separate sections, including analysis of
the intima and media in three separate visual fields, were
analyzed in each tissue sample, and were statistically evalu-
ated. Analysis of elastin content in van Gieson–stained
sections, inflammatory cells (CD3, CD4, CD8, CD20,
CD68), and caspase-3 positive cells were estimated with
manual scoring by an independent and blinded observer
using a scale of 0 to 5 in three separate sections, including
analysis of the intima and media in three separate visual
fields in each section. The evaluation was confirmed by
another independent observer in random samples, which
gave similar results. Median values, followed by Mann-
Whitney U testing, were used for statistical evaluation of
semiquantitative analysis, and analysis of quantitative data
were performed with the Wilcoxon signed-rank test. P 
.05 was considered significant.
RESULTS
Structure. The gross structural pattern was investi-
gated with Masson trichrome staining. The thrombus-
covered wall was found to be thinner and contained fewer
cells, and the structural orientation was disrupted, com-
pared with the thrombus-free wall (Fig 1, A, B; Fig 2, A).
Quantification of collagen content in digitized images re-
vealed that there was no significant difference in collagen
content between the two groups (Fig 2, B). In contrast,
thrombus-covered aneurysm wall was found to contain
significantly less elastin, with disorganized elastic lamellae
and broken elastin bands, as determined with van Gieson
staining (Fig 1, C, D; Fig 2, C).
Cellular content. SMC -actin positive cells in the
intima and media of the thrombus-covered and thrombus-
free wall were quantified. A significantly increased positive
staining for SMC -actin was found in samples without
thrombus (Fig 1, E, F; Fig 2, D). The intima and media of
both groups of tissue contained focal accumulations of
macrophages, as determined with CD68 staining (Fig 2, I;
Fig 3, A, B). Semiquantitative analysis demonstrated a
significantly increased number of CD3-positive T cells and
CD20-positive B cells in the wall covered with thrombus
(Fig 1, G, H; Fig 2, E, H; Fig 3, C, D). In addition, more
CD8-positive cytotoxic T cells (Fig 2, G; Fig 3, G, H), but
not CD4-positive T helper cells, were seen in the throm-
bus-covered wall (Fig 2, F; Fig 3, E, F).
Apoptosis. Apoptosis was analyzed with caspase-3
staining and TUNEL assay. There was no significant differ-
ence in caspase-3 positive staining between the two groups
(Fig 2, J). In contrast, analysis of DNA fragmentation with
TUNEL assay demonstrated that the thrombus-covered
wall contained more TUNEL-positive cells in the intima
and media (Fig 2, K; Fig 4). TUNEL-positive cells were
mainly localized within lesions that contained inflammatory
cell infiltrates.
Electron microscopic observations. Samples from
five patients were examined with electron microscopy. In
general, segments from thrombus-covered aneurysm wall
were more heterogeneous, with a mixture of SMCs and
inflammatory cells, larger numbers of dying or dead cells
and cell debris, and more signs of tissue destruction and
reorganization, compared with specimens from thrombus-
free wall. In the thrombus-free samples, the media was
largely made up of SMCs with a myofilament-rich, differ-
entiated or contractile phenotype (Fig 5, A), but SMCs
with an endoplasmic reticulum (ER)–rich and Golgi appa-
ratus-rich, dedifferentiated or synthetic phenotype were
also noted (Fig 5, B, C). Apoptotic and necrotic cells, cell
debris, and leukocyte infiltration were detected only in
modest amounts. The adventitial layer was composed of a
mixture of fibroblasts or myofibroblasts, and blood-derived
cells such as macrophages (Fig 5, D), neutrophils, and
lymphocytes, including activated B cells (plasma cells; Fig
5, E). Dying cells and cell debris were also encountered (Fig
5, F). In segments from the thrombus-covered aneurysm
wall, the SMCs in the medialike layer were mostly of an
ER-rich and Golgi-rich, synthetic phenotype (Fig 6, A),
but cells of a normal, contractile phenotype were also
present (Fig 6, B). Both in the media and adventitia,
numerous apoptotic and necrotic cells (Fig 6, C) and cell
debris were found. A close spatial relationship between
macrophages or lymphocytes and SMCs was frequently
detected (Fig 6, D). Of note, phenotypically modified
SMCs and macrophages were oddly shaped, with long
processes suggesting ongoing migration through the tissue
(Fig 6, D).
DISCUSSION
The mechanism for formation of the intraluminal
thrombus in AAA is mainly attributed to turbulent and
stagnant flow in the bulging part of the aneurysm sac. Most
aneurysms contain thrombus, but information is limited
regarding the influence of thrombus on the structure and
cellular content of the underlying aneurysm wall. Occa-
sional reports state that the rupture is preceded by bleeding
into the thrombus and that the rupture actually occurs in
the thrombus-covered wall.5 In the present study the AAA
wall with mural thrombus was compared with the wall
exposed to flowing blood in specimens obtained from patients
undergoing elective surgery to repair infrarenal AAAs.
The rate of increase in diameter of an AAA correlates
with increased thrombus growth,6 and growth of thrombus
is associated with increased risk for rupture.4 In addition,
thickness of the endoluminal thrombus is associated with
risk for rupture.8 The effect of thrombus on the pressure
load on the aneurysm wall varies among investigations. Di
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Martino et al9 suggested that thrombus reduces the pres-
sure load on the aneurysm wall, whereas others have re-
ported that thrombus does not exert a protective effect10
and that it does not reduce risk for rupture.11 Recently, it
has also been suggested that thrombus releases proteases,
which may be involved in aneurysm enlargement and rup-
ture.12 The only study that examined the aneurysm wall
covered with thrombus suggested that the thrombus may
Fig 1. Photomicrographs of AAA wall not covered with thrombus (NT; A, C, E, G) and in AAA wall covered with
thrombus (T; B, D, F, H). A, Adventitia; M, media; I, intima; arrows, elastin (C), SMC (E), and CD3-positive cells
(H); bars, 100 m.
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act as a barrier for oxygen transport, resulting in anoxia of
the underlying wall, which may cause decreased thickness
and strength, possibly predisposing to rupture.7 However,
these examinations were restricted to thrombus of varying
thickness, and did not directly compare the differences
between aneurysm wall covered with or free from throm-
Fig 2. Quantitative analysis (A, B, D, K) and semiquantitative analysis (C, E-J) of AAA sections from aneurysm wall
without thrombus (circles) and aneurysm wall covered with thrombus (triangles). *Statistically significant difference
between groups at P  .05.
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bus. Nevertheless, in support of these findings, we observed
a significantly thinner aneurysm wall in specimens obtained
from aneurysm wall covered with thrombus compared with
thombus-free vessel segments.
Collagen structure and content is more important for
rupture of AAA, and degradation of elastin has been pro-
posed to cause dilatation.13 Comparisons of collagen con-
tent between AAA and normal aorta have produced con-
Fig 3. Photomicrographs show inflammatory cells in AAA wall not covered with thrombus (NT; A, C, E, G) and AAA
wall covered with thrombus (T; B, D, F, H). Macrophages were detected with an antibody against CD68 (A, B), B cells
with CD20 (C, D), T helper cells with CD4 (E, F), and cytotoxic T cells with CD 8 (G, H). M, Media; I, intima;
arrows, macrophages, CD20, CD4, and CD8-positive cells; bars, 100 m.
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flicting results, with both higher14 and lower collagen
content15 in AAA. Other studies have shown no difference
between normal aorta and AAA.16 A recent study demon-
strated decreased collagen synthesis and deficient cross-
linking in the aneurysm wall.17 In the present study no
consistent differences with regard to collagen structure and
content were observed when comparing wall segments
covered with thrombus and segments without thrombus.
Elastin content is reduced in aneurysms,18,19 related to
aneurysm diameter, and ruptured AAAs have lower elastin
content than nonruptured AAAs do.20 It has also been
suggested that increased elastolysis is associated with in-
creased wall distensibility in AAAs.21 Elastin content is
lower in AAAs than in aortas with occlusive disease.22
Fragmentation of elastin lamellae in aneurysms has also
been observed.23 In the present study elastin depletion was
found in the aneurysm wall covered with thrombus, and in
these segments the fibers were fragmented, as demon-
strated by both light microscopy and electron microscopy.
In contrast, elastin fibers in segments without thrombus
were well-preserved.
SMCs constitute the most common cell type in the
arterial media, and regulate production of matrix compo-
nents. A decreased number of SMCs have been found in
AAAs compared with both normal24 and atherosclerotic
aortas.25 The reduced number of SMCs has been linked to
the pathogenesis of aneurysm disease, because of impaired
synthesis of matrix proteins needed for tissue repair.26 Loss
of medial SMCs has been demonstrated in animal aneurysm
models,27 and addition of SMCs prevents formation of
aneurysm in a xenograft model.28 In the present study
there was a marked difference in SMC content between the
two wall segments studied. Many fewer SMCs were seen in
the intima and media of the thrombus-covered wall. Elec-
tron microscopy also demonstrated a more heterogenous
cell population, with inflammatory cells, SMCs in different
phenotypes, and apoptotic SMCs in specimens from
thrombus-covered aneurysm wall. In addition, close con-
tact between lymphocytes and SMC was observed, indicat-
ing induction of apoptosis in SMC by T cells, which has also
been suggested by others.26 Smooth muscle -actin does
not exclusively stain SMCs; myofibroblasts and endothelial
cells may express the antigen under certain conditions.
However, in this study, determination of SMC content was
based on SMC -actin staining in intima and media, loca-
tions where it is highly unlikely fibroblasts would reside
under normal conditions. If this were case, it is more
probable that false positive SMC -actin staining would
have been noted in the most diseased tissue specimens, such
as those from thrombus-covered aneurysm wall, which was
not the case. Thus we believe SMC -actin staining is
sufficient for gross determination of SMCs.
Numerous studies have indicated that inflammation
has a key role in the pathogenesis of AAA by demonstrating
T cells, B cells, and macrophages in the aneurysm
wall.24,29,30 Aneurysm tissue contains more T cells, B cells,
and macrophages than does atherosclerotic tissue.22,26,31
In aneurysms formed with elastase infusion in experimental
animals, increased infiltration by macrophages was report-
ed.32 The inflammatory infiltrate has been linked to frag-
mentation of the elastic fibers when comparing aneurysm
wall with normal arteries.23 In the present study, we could
not find a difference in macrophage infiltration between the
two types of wall segments. However, increased numbers of
T cells were found in the wall covered with thrombus.
There were significantly more cytotoxic T cells in the
thrombus-covered wall, as demonstrated with immuno-
staining for CD8. B lymphocytes were also detected in the
inflammatory infiltrates in wall segments covered with
thrombus. Whether this is a sign of local antigenic response
remains to be shown. Of special interest may be that an
Fig 4. TUNEL staining demonstrates presence of apoptotic cells in AAA wall not covered with thrombus (NT) and in
AAA wall covered with thrombus (T). Bars, 100 m.
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increased number of B lymphocytes have been observed in
inflammatory AAA.33
Apoptosis of SMCs induced by T lymphocytes in AAA
has been observed.25,26 The results of the present study
were somewhat conflicting regarding signs of apoptosis.
Caspase-3 was not demonstrated to a great extent. This
may be because it reflects early stages of apoptosis. On the
other hand, TUNEL-positive cells were seen to a greater
extent in the thrombus-covered wall, and electron micros-
copy indicated that apoptosis of SMCs in the thrombus-
covered wall could be related to inflammation and the
presence of lymphocytes.
In summary, we observed a thinner wall, fragmentation
and decreased number of elastin fibers, decreased numbers
of SMCs, increased number of inflammatory cells, and
apoptosis in the aneurysm wall covered with thrombus.
That the cellular content and structural pattern of the
aneurysm wall differs so much between wall segments
covered and not covered with thrombus is important and
should be kept in mind when reporting biopsy findings
from aneurysms. The thinner thrombus-covered wall with
less structural integrity may predispose this wall segment to
rupture. The findings may also explain why presence and
growth of thrombus seems to increase risk for rupture.
Fig 5. Electron micrographs of medial (A-C) and adventitial (D-F) tissue in aneurysm wall without thrombus. A,
Differentiated, myofilament-rich smooth muscle cells. B, C, Dedifferentiated, endoplasmic reticulum–rich and Golgi
apparatus–rich smooth muscle cells. D, Macrophage rich in lysosomes with phagocytized material. E, Activated B cell
with extensive endoplasmic reticulum. F, Lymphocyte in close contact with a dying or disintegrating cell. BC, B-cell;
C, collagen fibrils; E, elastin; ER, endoplasmic reticulum; DC, dying cell; F, myofilaments; G, stacks of Golgi cisternae;
Ly, lymphocyte; MP, macrophage; N, nucleus; bars, 1 m.
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